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the res.onance of the senso.,r eie,:nent. 'This paper describes an elec--· 
substratr� and the sens0r element 
I'he 0.f :he e1,::c:trfo field se;;sor fa l!!ustratcd ln 
1. 1'he .sensor c:on.sists nf the sensor eiernent, an modu-
an 
polarization 
source, a pho·todetec1lor, and 
fibe;r com1ec:cs th:: i;o1J.rce to the 
10 t}1c:; optical modufator. 
feTomet,::r whlcb formed Ti dfffuslon on 55mm long, 1mm 
and 0.5mm thick z-cut substrate .. The half 0;,;;0 ,,e 
of electric fi;;Id senso: 
voltage of the optical modulator is about 2[V) and its operation 
bandwidth is from DC to 4[GHz). 
When the sensor element is set in an electric field, a voltage 
appears between the electrodes of the optical modulator. The 
optical modulator modulates the optical power according to the 
voltage. The electric field strength is obtained by measuring the 
modulated signal level with the photodetector. 
3. Improvement in sensitivity deviation
When a voltage appears on the electrode of the modulator, 
an elastic wave appears in the substrate. This wave changes the 
refractive index of the optical waveguide by the piezoelectric effect 
of LiNb03' The change in theirefractive index affects the sensor 





appear to be due to the elastic wave in the substrate. 
An example of the frequency response is shown in Fig.2. 
The resonance appears between lOO(kHz] to lOO[MHz], and the 
deviation in the frequency response is more than 4[dB]. This is 
caused by the resonance of the elastic wave in the substrate. The 





= (1/21)* C;/P (1) 
where C
ii is the stiffness constant of the LiNb03, i and j are the
propagation directions of the elastic wave, I is the length in the 
propagation directii:>n, and p is the mass density. This.equation 
shows that the r�sonance frequency depends on the size of the 
substrate. 
The resonance frequency is calculated and compared with 
the measured value in Fig. 2, when the resonance is caused by 
sliding vibration[S). The results are summarized in table 1. The 
calculated results are almost agree with the measured results. This 
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Fig. 2 Frequency response of electric filed sensor 




Direction Calculated Measured 
y-axis(S)* 2.5 fMHzl 2.8 [MHz] .. 
z-axis(S) 3.6 [MHz] 4.0 [MHz] 
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Fig. 3 Frequency response of electric field sensor 






Fig. 4 Equivalent circuit of the electric field sensor 
substrate shape was developed to suppress the 
substrate width changes with the distance along the 
!):.end of substrate, and the resonance frequency at a 
odified to reduce the effect of the resonance. The 
,�nse using the new substrate is shown in Fig. 3. 
deviation is reduced from 4[dB] to l[dB]. 
nt in maximum operation frequency 
�nance of the sensor element can be reduced by 
_nee on the element[6]. A design method for deter­
·.\itance values was developeq for an antenna termi­
.�mstant resistance. However, the input impedance of 
eld sensor is not constant. The equivalent circuit of 
j�ld sensor is illustrated in Fig. 4. In Fig. 4, E is the 
strength, he is the effective length of the -element , z. 
point impedance of the element, and Cm is input 
f the optical modulator. As shown in Fig. 4, the input 
. the optical modulator is represented by a capacitance 
electrode of the modulator is insulated. 
results means that new calculation method should ;be 
determine the optimum loading resistance .distribu-
oistribution of the loading resistance, when the antenna 
impedance is constant, is given by[6] 
(2) 
(3) 
;is the load impedance for unit length, h is the element 
z) is the vector potential, I.(z) is the current in the























Fig. 5 Calculated frequency response of the electric 
field sensor with resistive element. 
Attachment High-frequency 
Resistor 
Fig. 6 Configuration of resistive element 
Equation (2) is modified to 
Z(z)=R/P(z)/(h/2-z) (4) 
The frequency respo�se is calculated to change Rf from 0 
to 60, where Rc=O·means the sensor element is perfectly condu_c-
tive. In the calculation, the moment method[6] is used. The results 
shown in Fig. 5. The maximum frequency bandwidth is obtained 
when Rf is 25. In this case, the maximum sensor operating fre­
quency, where the sensor sensitivity deviation is within 3[dB], is 
improved from 300[MHz] to 800[MHz], compared with the re­
sponse when Rf=25 and Rr=O. 
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The configuration of resistive sensor element is shown in 
Fig. 6. The sensor element is constructed with the no-cut and no­
lead resistance. The value of the resistance is determined to fit the 
resistance distribution represented by Eq. (4). 
• Sensor with resistance loaded element 
A Sensor with metal element 
Element length:25cm 
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Fig. 7 Measurement frequency response of the electric 
field sensor 
Figure 7 shows an example of the frequency response of 
the sensor with resistance loaded elements . TEM and GTEM 
cells[7] were used for measurement. The figure shows the frequen­
cy response normalized by the value for l[MHz]. The frequency 
response with a metal element whose length is the same as the 
resistive loading element is also shown in Fig.7. The sensitivity 
changes within 3[dB] from l[MHz] to l[GHz], and the maximum 
frequency where the sensitivity deviation is within 3dB is im­
proved from 300[MHz] to l[GHz]. 
5. Conclusions
Electric field sensors with improved frequency response 
have been developed for EMC measurements. 
The sensitivity deviation due to the elastic wave in the 
LiNb03 substrate is improved by modifying the substrate shape. 
The sensitivity deviation from l(MHz] to lOO[MHz] is reduced 
from 4[dB] to l[dB]. 
A resistive element is used to suppress the resonance due to 
the sensor element. The optimum resistance distribution is obtained 
from the calculation using the moment method. The maximum 
frequency, where the relative sensitivity deviation is within 3[dB] 
is improved from 300[MHz] to l[GHz]. 
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